Senecio jacobaea (S J) was incubated in sheep rumen fluid-buffer mixtures to determine if metabolism and(or) detoxication of pyrrolizidine alkaloids (PA) was occurring. The nontoxic reduction metabolite, 7/~-hydroxy-l-methylene8a-pyrrolizidine, was not detected when SJrumen fluid incubation extracts were subjected to high performance liquid chromatography and mass spectrographic analysis. Rats were used as assay animals in another experiment to assess the toxicity of SJ incubated in rumen fluid. Incubation treatments were: Rumen fluid (RF) from a sheep not fed SJ (RF-0); RF autoclaved before incubation (RF-0A); RF from sheep fed 50% SJ for 1 wk (RF-1); RF from a sheep fed 50% SJ for 5 wk (RF-5), and RF-5 with 5 /aM iodoform in the incubation medium (RF-5I). The SJ treatments were inclucled in rat diets at the 10% level. Dietary treatment and mean rat survival times (days) were: control, no mortality; 10% untreated SJ, 43; RF-0, 53; RF-0A, 55; RF-1, 44; RF-5, 56; RF-5I, 44. There were no significant differences in survival time. This indicates that SJ was not detoxified as a result of incubation in sheep RF in vitro, and suggests that tureen detoxification does not account for resistance of sheep to SJ. The pH and volatile fatty acid concentrations of the incubation mixtures were measured before and after incubation. Acetate/propionate and pH following incubation were respectively: RF-0A, 7.3, 4.3; RF-0, 4.2, 4.4; RF-1, 2.7, 4.5; RF-5, 2.6, 4.5; RF-5I, 2.4, 4.5. These data show that although pretreatment of the rumen fluid donor with dietary SJ and addition of iodoform to the incubation mixture favor reductive rumen metabolism, detoxification of PA from SJ does not occur during in vitro sheep rumen fermentation.
Senecio jacobaea (S J) was incubated in sheep rumen fluid-buffer mixtures to determine if metabolism and(or) detoxication of pyrrolizidine alkaloids (PA) was occurring. The nontoxic reduction metabolite, 7/~-hydroxy-l-methylene8a-pyrrolizidine, was not detected when SJrumen fluid incubation extracts were subjected to high performance liquid chromatography and mass spectrographic analysis. Rats were used as assay animals in another experiment to assess the toxicity of SJ incubated in rumen fluid. Incubation treatments were: Rumen fluid (RF) from a sheep not fed SJ (RF-0); RF autoclaved before incubation (RF-0A); RF from sheep fed 50% SJ for 1 wk (RF-1); RF from a sheep fed 50% SJ for 5 wk (RF-5), and RF-5 with 5 /aM iodoform in the incubation medium (RF-5I). The SJ treatments were inclucled in rat diets at the 10% level. Dietary treatment and mean rat survival times (days) were: control, no mortality; 10% untreated SJ, 43; RF-0, 53; RF-0A, 55; RF-1, 44; RF-5, 56; RF-5I, 44. There were no significant differences in survival time. This indicates that SJ was not detoxified as a result of incubation in sheep RF in vitro, and suggests that tureen detoxification does not account for resistance of sheep to SJ. The pH and volatile fatty acid concentrations of the incubation mixtures were measured before and after incubation. Acetate/propionate and pH following incubation were 1 Oregon Agr. Exp. Sta. Technical Paper No. 6169. 2 The authors gratefully acknowledge the assistance of Dr. C.C.J. Culvenor, Division of Animal Health, Parkville, Australia for providing a sample of 1-methylene pyrrolizidine; B. Arbogast and Dr. M. L. Deinzer, Dept. Agr. Chem., Oregon State Univ. for helping obtain mass spectra. respectively: RF-0A, 7.3, 4.3; RF-0, 4.2, 4.4; RF-1, 2.7, 4.5; RF-5, 2.6, 4.5; RF-5I, 2.4, 4.5. These data show that although pretreatment of the rumen fluid donor with dietary SJ and addition of iodoform to the incubation mixture favor reductive rumen metabolism, detoxification of PA from SJ does not occur during in vitro sheep rumen fermentation. (Key Words: Rumen Metabolism, Pyrrolizidine Alkaloids, Toxicity, Sheep.)
Introduction
Senecio jacobaea (S J; tansy ragwort) is a poisonous plant responsible for livestock deaths in the U.S. Pacific Northwest and other areas of high humidity and moderate temperature around the world. It contains hepatoxic pyrrolizidine alkaloids (PA). Horses and cattle are susceptible while sheep and goats are relatively resistant to PA. In susceptible animals, liver microsomal enzymes are responsible for the metabolic conversion of PA into active pyrroles (dehydropyrrolizidines) that cause extensive hepatic damage (Mattocks, 1968) . In sheep, it has been reported that PA contained in Heliotropium europaeum are reductively metabolized during rumen fermentation to 1-methylene and 1-methyl pyrrolizidine by a specific microorganism, Peptococcus heliotrinreductans (Lanigan, 1976) . Growth of this microorganism is enhanced by pretreatment with Heliotropium and also by addition of methane inhibitors. The objective of this study was to determine if the PA present in SJ undergo similar metabolism in the sheep rumen, and to ascertain if such metabolism may be responsible for the resistance of sheep to Senecio PA.
Materials and Methods
Senecio jacobaea was collected near Corvallis, Oregon, forced air-dried at 45 C, ground through a ~l-mm screen in a Wiley mill and 645 Two 30 g samples of SJ plant were ground to pass through a 30 mesh screen in a laboratory cyclone mill. Samples were mixed separately with 150 ml RF, 120 ml McDougall's buffer (McDougall, 1948) and 120 ml of distilled water. One batch was immediately frozen while the other was allowed to ferment in a 2-liter Erlenmeyer flask for 48 h at 37 C under CO2. After incubation, both batches were lyophilized. Extraction of PA and metabolites from the lyophilized material was performed using a method modified from Campbell (1956) and Lanigan and Smith (1970) as follows. Samples were moistened with 7.5 ml 10% citric acid (w/v) and extracted in a Soxhlet apparatus with 600 ml ethanol for 6 h at 83 C. The extracts were reduced to 100 ml by evaporation at 83 C and acidified with an equal portion of 1 N H2 SO4. Samples were filtered through Whatman no. 40 filter paper and extracted with chloroform (50 ml x 3). Chloroform was backwashed with 1 N H2 SO4, washings being added back to the aqueous phase. The samples were then basified to pH 10 by addition of concentrated aqueous NHaOH. Alkaloid and metabolite residue was extracted with chloroform (40 ml x 4). Chloroform was then evaporated in vacuo. The oily alkaloid residue was dried over NaOH in a vacuum desiccator away from light for 3 d. Residues were dissolved in 15 ml anhydrous methanol for analysis. Extracts were subjected to high pressure liquid chromatography (HPLC) 6 for resolution of PA and metabolites. The HPLC analysis was performed by the method of Ramsdell and Buhler (1981) . Eluted peaks were detected by a UV spectro-6 Altex model 324, Berkeley, CA. 7 Schoeffel, SF 770, Kratos Co., Westwood, NJ. 8 Hamilton PRP-1, Hamilton Co., Reno, NE. 9 Varian CH-7, Palo Alto, CA. photometer 7 at 220 nm. Using a flow rate of 1 ml/min, a linear gradient of acetonitrile -. 1 M NH4OH was run from 5 to 40% acetonitrile over 35 min. Injections of incubated and unincubated samples (3 gtl) in methanol were compared against a standard of mixed PA from SJ and against an authentic sample of 7fl-hydroxy-1-methylene-80t-pyrrolizidine (MEPA) obtained from Dr. C.C.J. Culvenor, CSIRO, Australia. The MEPA standard and the HPLC peak from the incubated sampe having a similar retention time (metabolite 1) were isolated using a preparative column s at 4 ml/min. Solvent was evaporated under reduced pressure and dry samples dissolved in methanol for comparison using GC-mass spectrographic (GC-MS) analysis 9 using the procedure of Deinzer et al. (1978) . (table 1) or 50% basal mix and 50% SJ. Incubation mixtures consisted of 100 g SJ, 500 ml ovine rumen fluid, 400 ml McDougall's buffer and 400 ml distilled water. The treatments were as follows. In RF-0, the RF was collected without prior exposure of the sheep to SJ. In treatment RF-0A, the RF-0 was autoclaved with steam at 120 C (1.04 kg/cm 2) for 1 h prior to the addition of plant material, buffer and water. In the RF-1 treatment, the RF was collected after 1 wk pretreatment of the wether with dietary SJ. In the RF-5 treatment as well as RF-51 (plus iodoform), rumen fluid was collected after 5 wk pretreatment. The RF-5I had iodoform added to inhibit methanogenesis at a concentration of 5.0 /aM/incubation batch. Rumen fluid pH was measured as were incubation mixtures before and after fermentation. Total volatile fatty acid (VFA) #mol/ml and ratio of acetic to propionic acids (A/P), were determined by the method of Cottyn and Boucque (1968) using a gas chromatograph equipped with flame ionization detector and 1.8 m • 2 mm id stainless steel column packed with 10% SP1200 (1% I-I3PO4) on 80/100 mesh chrom W-AW. The temperature of the column was 145 C using a flow rate (N2) of 25 ml/min.
Fifty-six male Long-Evans rats of about 85 g initial body weight were randomly distributed to seven dietary treatments: Positive control, negative control, RF-O, RF-0A, RF-1, RF-5 and RF-5I. In the positive control treatment, suncured alfalfa meal was substituted for SJ in the diet while the negative control treatment contained untreated SJ (table 2). Differences in toxicity between the treatments were determined by survival time of the rats. Analysis of variance was performed on survival data excluding the positive controls using a corn- 
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Exp. 1. In Figure 1 are the HPLC chromatograms of extracts of SJ incubated in sheep rumen fluid and unincubated, but mixed with rumen fluid. In the incubated sample, the metabolite 1 peak was collected for further analysis because of its similar retention time to the MEPA standard. The actual difference in retention between metabolite 1 and MEPA was .46 min in the HPLC system used. When metabolite 1 was derivatized with TFAI and subjected to GC-MS, no MEPA was detected. Metabolite 1 was then analyzed directly on the MS probe. The mass spectra (figure 2) of the unknown metabolite 1 peak and the TFAI derivatized MEPA standard confirmed that metabolite 1 was the PA jacoline and not MEPA. Using this method of extraction and analysis, it appears that free MEPA is not an in vitro sheep rumen metabolite of the PA in SJ. It is possible that reductive PA metabolites such as MEPA may exist in a conjugated or esterified form in addition to being further reduced to 1-methyl derivatives. Further research needs to be conducted to test these possibilities.
Exp. 2. To determine the effects of ingested
SJ on sheep rumen fermentation in vivo, the total VFA, A/P and pH were measured in the Although not significant, a drop in total VFA and an increase in AlP after 1 wk pretreatment with 50% SJ suggested that rumen microflora were not yet fully adapted to SJ in the diet. After 5 wk pretreatment, total VFA production approached normal values, while the A/P dropped below pretreatment values, suggesting that the rumen microflora were completely adjusted to the SJ in the diet. The pH data indicate that SJ consumption would not result in rumen acidosis.
The A/P and pH were also measured during the in vitro phase of the experiment before and after incubation of the S J, rumen fluid and buffer mixtures (table 4). After dietary SJ pretreatment, the AlP after incubation in the RF-1 and RF-5 groups tended to decrease, but not significantly. When iodoform was added to the incubation mixture to inhibit methanogenesis, the lowest (P<.05) AlP was observed. To determine if any constituents were present in rumen fluid that might alter toxicity without microbial action, a treatment (RF-0A) where rumen fluid was autoclaved before incubation was included. Fermentation still occurred, presumably due to contamination by organisms such as wild yeasts present on the plant material. The high (P<.05) A/P indicated the presence of a totally different microflora in this treatment. Dietary pretreatment of the RF donor with SJ and addition of iodoform had a positive effect on altering the microflora in favor of reductive rumen metabolism as indicated by shifts in the AlP.
Rat survival time was used to assay toxicity of the incubated mixtures. Necropsy of dead animals was performed, and confirmed that mortality was associated with hepatoxicity typical of pyrrolizidine alkaloidosis (Mattocks, Treatment Lanigan (1976) has shown that a microorganism in the rumen of sheep (Peptococcus heliotrinreductans) has the capability of metabolizing the PA present in Heliotropium europaeum to 1-methylene and 1-methyl pyrrolizidine derivatives by reduction of the 1-2 double bond in the pyrrolizidine nucleus and cleavage of the esters (figure 3). Culvenor et al. (1976) found that the derivative, 7a-angelyloxy 1-methylene pyrrolizidine from in vitro rumen metabolism of the PA lasiocarpine from Heliotropium was not active in producing liver necrosis in rats, or capable of yielding pyrroles when incubated with rat liver microsomes.
Increased rumen metabolism of the PA heliotrine to l-methylene and 1-methyl derivatives was shown to occur in sheep by the addition of methane inhibitors (Lanigan, 1972) . Compounds including chloral hydrate, halogenated methane derivatives (e.g., chloroform, iodoform, etc), and certain antimicrobial agents such as monensin are known to inhibit rumen methanogenesis (Prins and Seekles, 1967; Sawyer and Sniffen, 1974) . These compounds have a direct toxic effect on the methanogenic bacteria in the rumen (VanNevel et al., 1969) . Growth of Peptococcus heliotrinreductans, however, is enhanced by methane inhibitors. This organism utilizes metabolic hydrogen as an electron donor in reductive metabolism, but is apparently not affected by methane inhibitors (Lanigan, 1976) . The PA along with nitrate, fumarate and arginine serve as electron acceptors and become reduced during metabolism.
The lack of detoxification of SJ observed in this study when incubated with sheep rumen fluid contrasts with previous research (Lanigan and Smith, 1970) showing reduction of Heliotropium PA to nontoxic metabolites in the rumen. While dietary pretreatment of the rumen fluid donor with SJ and addition of iodoform to RF-SJ incubation mixtures appeared to stimulate reductive metabolism as indicated by A/P shifts, SJ was not detoxified as a result of incubation in rumen fluid. These results do agree with a previous study (Shull et al., 1976) , in which rumen fluid from a sheep not pretreated with dietary SJ was used as an inoculum to ferment SJ for rat diets. Several factors may account for differences in the rumen metabolism of SJ and Heliotropium PA. The PA in Heliotropium are open esters of the base heliotridine whereas the PA in SJ are all macrocylic closed esters of the base retronecine (figure 3). These structural differences may affect the rate of formation of reductive metabolites. The closed ester alkaloids of SJ may be less susceptible to attack by metabolic hydrogen. Steric hindrance of the 1-2 double bond by the esterified moiety may be greater in diesters than in monoesters. In addition, whole plant was incubated in the present study in an attempt to mimic natural conditions of exposure, as opposed to pure alkaloid in research by Lanigan and Smith (1970) . Furthermore, it is possible that a PA detoxifying bacteria could exist in sheep in Australia, but not in Oregon. Such a situation has been reported with mimosine in Leucanena leucocephala. Mimosine is detoxified in the rumen of animals in Hawaii, but not in those in Australia (Jones, 1981) . Shull et al. (1976) found sheep to have a decreased hepatic microsomal enzyme capacity to metabolize PA into active damaging pyrrole metabolites when compared with susceptible species. The resistance of sheep to SJ intoxication may be due to decreased enzyme activity and not to rumen detoxification.
